Introduction
Sodium is a vital component in the human organism. It is an important electrolyte that helps maintain the homeostasis of the organism through the osmo-and pH-regulation [1] . Sodium is a crucial element in cell physiology, which regulates the transmembrane electrochemical gradient and so participates in heart activity, the transmission of nerve impulses and muscle contractions. Sodium concentration (intracellular 10-15 mM and extracellular 140-150 mM) is very sensitive to changes in tissue metabolic state and to disruption of cell membrane integrity. In many pathological states, the sodium concentration increase is detected.
The sodium flux in and out of cells may occur by different mechanisms: voltageand ligand-gated Na + channels, Na + /Ca 2+ exchangers, Na + /H + exchangers, Na + /HCO − 3 cotransporters, Na + /K + /2Cl − cotransporters, Na + /Mg + exchangers and Na + /K + -ATPase [2] .
23 Na nucleus has spin 3/2 and 100% natural abundance, therefore this nucleus can be detected by nuclear magnetic resonance (NMR) methods [3] . 
Materials and methods
The experiment was carried out on 7T MR scanner Bruker Biospec 70/30 USR with maximum gradient strength 105 mT/m using ParaVision 5.0 software. Protocol testing was implemented in vitro on the phantoms (plastic vials with the volume 14 ml) which comprised different concentrations of NaCl and gelatine (Table 1) . Gelatine was chosen as gel forming substance in order to mimic biological semi-solid tissues. Distilled water was used as a solvent in all cases. The protocol of study comprised two parts: proton and sodium. The first one consisted of automatic shimming (global) and localizing. These 2 steps were realized with 23 Na MR images were acquired using 3D FLASH pulse sequence with the optimal parameters. The quality of obtained 23 Na images was estimated in terms of SNR using ImageJ 1.51j8 software [7] . According to the formula (A11) in [8] , SNR was defined as 0.66 ⋅ S/N where S is a mean value in the region-of-interest (ROI) defined in the upper part of the axial slice of the phantom and N is a standard deviation in the ROI defined outside the phantom.
Results
The 23 Na MR spectra of the prepared phantoms were obtained. 23 Na MRS was conducted with NS = 2 enough to get high SNR. In case of scanning the phantom with minimum NaCl concentration (50 mM), the SNR of the spectrum was ≈80. It allowed to acquire 23 Na spectra quite fast (TA = 0.7 s). The calculated linewidth of the obtained 23 Na MR spectra of 0.05 M (red), 0.1 M (black) and 0.14 M (blue) NaCl solutions; the spectra are shifted for clarity.
The optimization of main scanning parameters was made taking into account the size of the 23 Na surface coil and the opportunities of 3D FLASH method. In order to achieve high SNR, the field of view (FOV) was set larger than coil dimensions. The matrix size was selected to achieve good spatial resolution and acceptable acquisition time (<25 min for minimum NaCl concentration). The large SW (70 kHz) and short RF pulse were taken to set small TE to attain high intensity 23 Na MR signal. To achieve the good quality of 23 Na images the RF pulse was chosen non-rectangular. The pulse power was determined based on pulse duration and FA value. For the purpose of finding the optimal TR, the 23 Na MRI of the saturated NaCl phantom was performed using different TRs (160, 80, 40, 20 and 10 ms), and the corresponding SNRs were calculated (Table   2 ). Based on the TR and T 1 values, the FA was taken equal to Ernst angle [9] . The following parameters were chosen for 3D FLASH The SNRs for 23 Na images (examples are shown in Figure 3 ) are given in the Table 3 .
It is seen from Table 3 that even for small NaCl concentrations the achieved SNR≥5. The highest 23 Na image signal intensity is observed in the upper part of phantoms since the surface coil produces the non-uniform RF magnetic field. The results for T 1 -and T 2 -relaxometry are shown in the Table 3 . Considering the samples No. 1-4 and 11-14 from the Table 3 , it's noticeable that the T 1 and T 2 values in case of saturated NaCl solution are less than for more dilute NaCl solutions. Addition of 4% gelatine to saturated NaCl results in reduction of T 1 and T 2 . The decrease of T 1 is observed for small NaCl concentrations when augmenting the gelatine concentration but there is no sustained change in T 2 . The measurements of T 2 for 50 mM NaCl phantoms weren't reliable because of the low SNR (<3) therefore corresponding results aren't specified.
Discussion
It can be seen from Table 1 that integral ratios are in good concordance with NaCl concentration ratio which is 1:2:2.8:106, as expected. This result shows the good sensitivity of 23 Na MRS to discriminate different 23 Na concentrations.
Based on the acquired 23 Na images we can claim that the used 3D FLASH method is sensitive to minimum Na + concentration (50 mM) considered. According to [10] , the
